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Summary
Objective: The aim of the present study was to demonstrate whether bGH transgenic mice develop OA. We therefore studied in this animal
model the structural features of cartilage and the subchondral bone changes of the knee joints that may be associated with osteoarthritic
lesion.
Method: Degenerative changes in the knee joints of bGH transgenic female mice (N ¼ 11) and control mice (N ¼ 11) were histologically
analyzed at the age of 7 months. Histochemical and stereological studies were conducted. Immunohistochemistry on cell cyclin activity
(assessed by anti-PCNA labeling) and cell viability (assessed by bcl-2 expression), as well as ribosomal activity (AgNOR), TNF-a expression
and apoptosis (TUNEL technique) were performed. In ten 7-month-old female mice (TgC N ¼ 5; control N ¼ 5) the knee articular cartilages
were studied with electron microscopy techniques.
Results: Disruption of the articular surface (18.2%), cleft (63.7%), cloning (81.8%), hypocellularity of chondrocytes (18.2%), moderate (54.6%)
to severe (45.4%) loss of safranin-O staining, and duplication and rupture of the tidemark (54.5%) were some of the main features observed in
articular cartilage chondrocytes of bGH transgenic mice. Furthermore, cell cyclin activity and cell viability decreased, while TNF-a expression
and TUNELC cells increased. These chondrocytes also showed an increase in the number of black dots per cell, as revealed by the AgNOR
technique.
Conclusion: Our results show that bGH transgenic mice develop a lesion of the articular cartilage consistent with that described in
osteoarthritis.
 2004 OsteoArthritis Research Society International. Published by Elsevier Ltd. All rights reserved.





Osteoarthritis (OA) is a multifactorial disease characterized
by the rupture of structural integrity, accompanied by bio-
chemical and morphological alterations leading to the
degeneration of articular cartilage. It is accepted that the
breakdown of the cartilage matrix leads to the development
of ﬁbrillation and ﬁssures, the appearance of gross ulcer-
ations, and the disappearance of the full thickness of the
surface of the joint1. Normal articular cartilage chondrocytes
maintain a balance between synthesis and degradation of
the extracellular matrix components. In OA, this balance
gives way to the predominance of catabolism over an-
abolism and consequently leads to a loss of extracellular
This study was supported by a grant from FIS.
* Address correspondence and reprint requests to: Emilio
Delgado-Baeza, Orthopedic Research, Unidad de Histologı´a,
Departamento de Morfologı´a, Facultad de Medicina, Universidad
Auto´noma de Madrid, c/Arzobispo Morcillo 2, E-28029 Madrid,
Spain. Tel: 1-34-91-4975373; Fax: 1-34-91-4975353; E-mail:
inmaculadasantos@hotmail.com
Received 31 August 2003; revision accepted 4 April 2004.543matrix2. There are several agents that collaborate in this
equilibrium, one of them being the growth hormone (GH)3.
An animal model of gigantism was created by Quaife
et al.4 who developed transgenic mice that show high-level
expression of GH in ectopic organs beginning during fetal
development and continuing into adulthood. Histopathology
studies of these transgenic mice indicated that chronically
elevated GH levels had a deleterious effect on mice, which
raises concerns about the possible long-term effects of GH
administration in humans4. However, these authors did not
analyze the knee-joint cartilage.
In previous work, we have shown that bGH transgenic
mice develop a spontaneous autoimmune-like disorder ac-
companied by alterations in joints5. The aim of the present
study was to demonstrate whether these bGH transgenic
mice develop OA; the structural features of cartilage and the
subchondral bone changes of the knee joints that may be
associated with osteoarthritic lesion were therefore studied
in these animals. Thus, we examined the knee joints from
7-month-old female bGH transgenic mice. Radiographic,
histologic, histochemical and stereological studies were
carried out to assess degenerative changes of articular
cartilage. Immunohistochemistry was used to assess the
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labeling and to measure expression of bcl-2 and tumor
necrosis factor-alpha (TNF-a). Silver staining of nucleolar
organizer region-associated proteins (AgNOR) and terminal
transferase dUTP nick end labeling (TUNEL, terminal de-
oxynucleotidyl transferase (TdT)-mediated deoxyuridine
triphosphatase (dUTP)-biotin nick end labeling) were also
performed.
Our results show that the knee joints from bGH




bGH transgenic mice were generated by McGrane et al.6.
The mice showing increased body size and weight (G57 g)
were referred to as TgCmice and were compared with litter
mates of normal size and weight (G30 g) referred to as
control mice (Tg). Thirty-two 7-month-old female mice
(N ¼ 16 TgC, N ¼ 16 control), reared under the classical
barrier system in the animal house, were sacriﬁced by cer-
vical dislocation and their right knee joints were immediately
extracted. European Union guidelines for the care of
animals used for experimentation and other scientiﬁc pur-
poses (Guideline 86/609/CCC and R.D. 223/88 B.O.E.)
were followed.
RADIOLOGY
Twenty-two knee joints were radiographed with a micro-
radiography unit (Faxitron; HewlettePackard, Rockville,
MD, USA) and high-detail ﬁlm (Min-R; Eastman Kodak,
Rochester, NY, USA). Antero-posterior images from each
specimen were obtained to further analyze them based on
knee-joint OA criteria suggested by Shimizu et al.7.
TISSUE PREPARATION
Twenty-two tibial epiphyses (N ¼ 11 TgC, and N ¼ 11
control) were ﬁxed in 4% neutral buffered formalin for a day,
decalciﬁed in 10% EDTA, sectioned in frontal planes, and
then parafﬁn-embedded for further routine histopathology
analysis with light microscopy. Serial frontal 5 mm sections
were cut and placed on poly-L-lysine treated slides or on
non-treated slides.
HISTOMORPHOLOGY AND HISTOCHEMISTRY
From all samples haematoxylin (HE), alcian blueePAS,
and safranin stains were performed in order to evaluate
matrix abundance, cellularity and the content of glycosami-
noglycans. Two sections of each specimen were stained
with picro sirius red (PSR)8 and analyzed by polarized light
microscopy to evaluate the arrangement of collagen
bundles. Articular cartilage was evaluated following Mankin
et al.’s guidelines9.
To evaluate articular cartilage four zones are deﬁned:
superﬁcial, transitional, radial and calciﬁcation10. In normal
articular cartilage the zones are easy to delimitate, and their
cells are clearly distinguishable. However, in articular car-
tilage of TgC mice zones are irregular because of cellular
changes that take place. Therefore, the following criteria
based on previous descriptions10 have been deﬁned to
establish each cartilage zone: (1) superﬁcial zone, indicatedby a continuous staining density in light microscopy on the
surface of articular cartilage. Some of the cells are el-
lipsoidal or spheroid chondrocytes, and their nucleus must
be greater than the cytoplasm; (2) transitional zone, fre-
quently present as single cells in mice, while some of the
cells are more spherical. Clusters may be present; (3) radial
zone, with the largest cells, resembling the hypertrophic
chondrocyte, columns and groups of cells may be present;
(4) calciﬁcation zone, this is a narrow layer interposed be-
tween the hyaline articular cartilage tissue and the sub-
chondral bone plate. This zone shows eosinophilic paleness.
The chondrocytes within this tissue layer usually appear
collapsed. The borderline between hyaline articular cartilage
and the zone of calciﬁed cartilage is called the tidemark.
STEREOLOGY
For this study HE-stained serial sections were used. A
standardized quantifying template was superimposed on
the monitor screen connected to the light microscope. This
template consisted of an unbiased counting frame including
a set of points and a set of test lines11. For each cartilage
zone the following parameters were measured: volume
density of the zone (VDs, VDt, VDr, VDca), expressed as
a percentage; numerical cell density or number of cells per
unit volume (mm3) of tissue (NCs, NCt, NCr, NCca); and
mean volumes of cells, expressed as mm3 (CVs, CVt, CVr,
CVca). These parameters were also measured throughout
the subchondral bone zone. In this case the volume density
(VD) was calculated considering the volume occupied by
subchondral bone and that occupied by bone marrow.
IMMUNOHISTOCHEMISTRY
Immunostaining was performed with a ZYMMED LAB-SA
system using anti-PCNA (mAb Biomeda, 1:200 dilution),
anti-bcl-2 (mitochondrial membrane protein that blocks
apoptosis; Oncogene Science, 1:20 dilution), or anti-
TNF-a (Pharmigen AMS, 1:100 dilution) as ﬁrst antibody;
a mixture of anti-mouse and anti-rabbit biotinylated immu-
noglobulins was used as second antibody (ZYMMED),
followed by peroxidase-conjugated streptavidin. Antigens
were tracked after reaction with diaminobenzidine and
H2O2. Some immunostaining slides were counterstained
with Carazzy’s HE and/or alcian blue.
TUNEL
For in situ visualization of apoptotic cells (APOC cells),
the TUNEL method was performed following the method
described by other authors12.
In both immunohistochemistry and TUNEL stainings,
positive cells were counted throughout three microscopic
magniﬁed ﬁelds (40!) of the central region of each articular
cartilage. Only dark brown cells were considered as positive
in these counts. The labeling index (LI) was calculated as
the percentage of positive cells in each cartilage zone.
SILVER STAINING OF NUCLEOLAR ORGANIZER REGION (AGNOR)
To analyze the activity of the nucleolar organizer region,
the AgNOR technique was performed as described by
Crocker and Nar13. Two variables were assessed: (1) the
percentage of labeled cells (AgNORC cells), and (2) the
mean of black dots per cell. For AgNOR evaluation, a!100
oil-immersion lens was utilized.
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Ten 7-month-old female mice ( ﬁve TgC and ﬁve Tg or
control), were anesthetized and perfused with glutaralde-
hyde. Right tibial epiphyses of each animal were extracted
and processed for electron microscopy study. For this
purpose, ultra-thin serial sections were selected from the
areas of interest, stained with uranyl acetate and lead
citrate, and later examined under a Phillips 300 trans-
mission electron microscope. The mitochondrial structure
was selected as criterion of cellular viability.
STATISTICAL ANALYSIS
The mean and standard deviations of each variable were
calculated. The comparison between groups was per-
formed using the ManneWhitney U-test, which tests differ-
ences in distribution of ranks.
Results
RADIOGRAPHIC EXAMINATION
Knee-joint space narrowing with marked sclerosis of
subchondral bone and irregularity of joint surface were seen
in 90% of the TgC group. Thereafter, osteophyte formation,
peri-articular calciﬁcation, marked sclerotic bone change
and deformity of tibial condyle were also observed in 10% of
this TgC group (Fig. 1).
HISTOLOGICAL OBSERVATIONS
A normal articular cartilage was observed in all mice of
the control group [Fig. 2(a) and (b)]. The TgC group
showed progressive histopathological changes character-
istic of developing OA. These included disruption of the
articular surface (18.2%), cleft (63.7%), cloning (81.8%),
hypocellularity of chondrocytes (18.2%), moderate (54.6%)
to severe (45.4%) loss of safranin-O staining, and duplica-
tion and rupture of the tidemark (54.5%) [Fig. 2(c) and (d)].
In addition, a superﬁcial layer with a ﬁbrillar appearancewas seen in 20% of the cases. Degenerative areas with
decreased metachromasia and indicative of matrix break-
down were also observed [Fig. 2(e) and ( f)].
STEREOLOGICAL ANALYSIS
The transitional zone volume density was found to be
larger in the TgC group than in the control group (Table I).
This zone showed hypocellularity and cell hypertrophy
(Tables II and III). Nevertheless, the radial and superﬁcial
zones in the assay group were most severely affected.
These areas occupied less space (VD) within the cartilage
and bore a smaller number of cells compared to the control
group (Tables I and II). Furthermore, only four articular
cartilages of the TgC group displayed cells in the
superﬁcial zone. Interestingly, this was in the radial zone
where the mean cell volume was greater (Table III).
Subchondral bone of the TgC group exhibited a decrease
in the volume density compared to the control group
(P!0:05). That is to say, subchondral bone in toto and its
cells were both reduced in size (Table IV).
POLARIZED LIGHT MICROSCOPY
Articular cartilage of the control group showed a strong
birefringency near the superﬁcial zone, and at the level of
the pericellular region of the transitional and radial zones.
Furthermore, the normal calciﬁcation zone exhibited short,
thick irregular collagen bundles. No continuity was seen
between the bundles in the radial zone and those in the
calciﬁcation zone and subchondral bone. Interestingly, two
birefringent zones were observed in the normal subchon-
dral bone with polarized light. One of them corresponded to
the rough (R) zone next to the calciﬁcation zone composed
of a series of short, thick, irregular bundles that lay oblique
to the articular plane. The other birefringent zone corre-
sponded to the smooth zone (S), next to the bone marrow
space, in which long longitudinal bundles were seen, fol-
lowing the main trabecular axis [Fig. 3(a) and (b)]. On the
other hand, a decrease in the birefringency was observed in
all zones of the TgC group [Fig. 3(c) and (d)].Fig. 1. Radiographic ﬁndings of the knee joint in the antero-posterior plane. Compare the control group (a) with the TgC group (b). In bGH Tg
mice, typical OA features are seen, e.g., joint space narrowing, bone sclerosis and osteophyte formation.
546 C. Ferna´ndez-Criado et al.: Osteoarthritis induced by GH overexpressionFig. 2. Frontal sections of proximal epiphyseal articular cartilage. (a) Control group showing a normal articular cartilage; note calciﬁcation of
meniscus (HE,!100). (b) High magniﬁcation picture of (a) (HE,!400). (c),(d) bGH transgenic mice. Duplication and rupture of the tidemark,
cloning and disruption of the articular surface are appreciated (HE, !400). (e),( f) Control group and bGH transgenic mice, respectively.
A degenerative area with decreased metachromasia is observed in ( f) (alcian blue, !400).IMMUNOHISTOCHEMICAL RESULTS
In both the control and the TgC group the heaviest
staining for anti-PCNA [Fig. 4(a) and (b)], anti-bcl-2 [Fig.
4(c) and (d)], and anti-TNF-a [Fig. 4(e) and ( f)] was always
located in the superﬁcial and transitional zones. Addition-
Table I
Volume density (VD) of each articular cartilage zone
Zones Control (N ¼ 11) TgC (N ¼ 11)
VDs 7.0G 0.9 4.4G 0.3*
VDt 10.3G 0.9 15.3G 2.1*
VDr 41.6G 4.4 28.0G 1.9*
VDca 41.1G 4.2 51.0G 3.2*
Values are percentages of positive cells expressed as
meanG standard deviation; *P!0:05; zones: s, superﬁcial;
t, transitional; r, radial; ca, calciﬁcation.ally, this heavy staining was observed in the radial zone of
the control group, too. In both the control and the TgC
group TUNEL staining was present in all zones [Fig. 4( g)
and (h)]. Nevertheless, a decrease in PCNA-LI and bcl-2-LI
Table II
Number of cells (NC) in each zone of articular cartilage
Zones Control (N ¼ 11) TgC (N ¼ 11)
NCs 1205G 117 874G 194
#
NCt 2294G 159 1228G 159*
NCr 1046G 61 893G 91
NCca 685G 150 636G 67
Values are thousand of cells per mm3 expressed as
meanG standard deviation; *P!0:05; #N ¼ 4, because only four
cases displayed cells in this zone. Zones: s, superﬁcial;
t, transitional; r, radial; ca, calciﬁcation.
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observed throughout the cartilage zones of the TgC group
compared to the control group (P!0:05) (Table V).
AGNOR RESULTS
In contrast to the control group, the TgC group showed
a decrease in the number of AgNORC cells throughout the
superﬁcial, transitional and radial zones (P!0:001). How-
ever, parallel to this, an increase in the number of black dots
per cell was seen too (P!0:05) [Fig. 4(i) and ( j), Table VI].
ELECTRON MICROSCOPY RESULTS
The calciﬁed zone of the control group showed normal
cells with philopodes and normal apatite spiculate mass
formation in the extracellular matrix [Fig. 5(a) and (b)]. In
contrast, the same zone in TgC group chondrocytes dis-
played fewer cell processes and a reduced apatite mass
formation. Instead, the calciﬁed spherules that would nor-
mally be expected do not coalesce in an anisotropic fashion
to form initial bone, but in a disorganized isotropic fashion
(Fig. 5c).
Discussion
This work shows that the lesions present in bGH
transgenic mice (TgC) correspond to the onset of an
osteoarthritic process. The cartilage lesions including dis-
ruption of the cartilage structure (surface irregularities,
ﬁbrillation, clefting), cellular changes (cloning, hypocellular-
ity), in a few cases acellular surface, and changes in the
extracellular matrix (moderate to severe loss of safranin-O
staining) resemble what is observed in OA. In articular
cartilage of TgC group the distribution of the chondrocytes
becomes heterogeneous and the anisotropic morphology
decreases. The anisotropic decrease may be associated
with a failure in molecular adhesion14 and mechanical
events15. Our observations showed an increase in both the
mean volume of chondrocytes and ribosomal activity in the
transitional and radial zones. This chondrocytic volume in-
crease is in agreement with the hypertrophic cells described
in osteoarthritic cartilage16. Additionally, this phenotypic
Table III
Cellular volume (CV) in each zone of articular cartilage
Zones Control (N ¼ 11) (mm3) TgC (N ¼ 11) (mm3)
CVs 118G 11 72G 18*
#
CVt 110G 9 125G 20
CVr 147G 13 217G 52
CVca 245G 100 101G 14
Values are expressed as meanG standard deviation; *P!0:05;
#N ¼ 4, because only four cases displayed cells in this zone.
Zones: s, superﬁcial; t, transitional; r, radial, ca, calciﬁcation.
Table IV
Stereological findings of subchondral bone
VD NC CV
Control (N ¼ 11) 0.4G 0.005 432G 69 98.1G 16.1
Tg+ (N ¼ 11) 0.2G 0.001* 442G 63 63.5G 12.2
Values expressed as meanG standard deviation; *P!0:05; VD,
volume density; NC, number of cells expressed as thousand per
mm3; CV, cellular volume expressed as mm3.change reﬂects a change in the synthesis of collagen, which
turns out to be anomalous in OA17. The osteoarthritic
chondrocyte is considered to have a hyperactive metabo-
lism18,19 and its cellular activity translates into an increased
ribosomal activity, necessary for a greater mRNA synthe-
sis20,21. In TgC articular cartilage the number of chondro-
cytes with ribosomal activity (AgNORC cells) decreased in
all zones. Interestingly, there is an increase in the level of
Fig. 3. Frontal sections of proximal epiphyseal articular cartilage
stained by picro sirius red, as seen with normal (a),(c) and polarized
(b),(d) light microscopy (!400). (a),(b) Control group showing
a normal collagen architecture. (c),(d) TgC group, where this
architecture is dramatically distorted, resulting in a loss of the
typical collagen birefringency. R: rough zone; S: smooth zone.
548 C. Ferna´ndez-Criado et al.: Osteoarthritis induced by GH overexpressionFig. 4. Immunohistochemistry with PCNA, bcl-2 and TNF-a, TUNEL and AgNOR in articular cartilage (!400). (a),(c),(e),( g),(i),( j) Control
group. (b),(d),( f),(h),(k),(l) bGH transgenic mice. (a),(b) PCNA immunostaining, (c),(d) bcl-2 immunostaining, (e),( f) TNF-a immunostaining,
( g),(h) TUNEL staining, (i)e(l) AgNOR staining. A decrease in the number of PCNA positive and bcl-2 positive, and an increase in the number
of TNF-a positive and TUNEL positive cells in TgC group are appreciated. The number of AgNOR positive cells decreases in TgC group,
although most cells contain multiple black dots per cell [(l): high magniﬁcation picture of (k),!1000]; however, most cells in the control group
contain just one or two black dots per cell [( j): high magniﬁcation picture of (i), !1000].Table V
Immunohistochemistry expression pattern in articular cartilage
Zones PCNA bcl-2 TNF-a Tunel
Control TgC Control TgC Control TgC Control TgC
Superﬁcial # (N ¼ 4) 32.4G 4.2 7.9G 2.5* 14.2G 2.1 2.8G 1.2* 4.4G 1.8* 14.3G 2.0 1.7G 0.9 12.9G 4.4*
Transitional (N ¼ 11) 29.2G 2.5 14.0G 2.0* 18.4G 2.2 6.4G 1.8* 6.3G 1.5 10.2G 1.8 14.4G 1.9 31.3G 5.2*
Radial (N ¼ 11) 11.6G 5.0 2.8G 0.5* 3.1G 0.9 0.0 2.8G 1.6 2.0G 0.7 16.0G 4.3 27.4G 2.8*
Calciﬁcation (N ¼ 11) 0.0 0.0 0.0 0.0 0.0 0.0 19.2G 5.1 29.9G 5.2*
Totaly 19.6G 5.9 8.8G 3.8* 11.9G 1.7 3.5G 0.8* 5.0G 1.2 9.0G 1.3* 11.4G 3.3 26.9G 4.7*
Values are percentages of positive cells expressed as meanG standard deviation; *P!0:05; #N ¼ 4; because only four cases displayed
cells in this zone.
yTotal value is not the addition of previous values, but a calculation performed for the total number of cells counted.
549Osteoarthritis and Cartilage Vol. 12, No. 7that ribosomal activity by cells (black dots per cell). The
interpretation of this ribosomal activity has not been clariﬁed
yet. According to Bayliss22 it is clear that the chondrocyte
can orchestrate an effort to counteract this degenerating
status by increasing its biosynthetic activity. He suggests
that the osteoarthritic chondrocyte reverts to a chondroblas-
tic state and synthesizes a fetal-like or immature proteogly-
can, and an altered collagen, which may be unsuitable for
the repair process.
The immunohistochemical results of this work also show
that in TgC articular cartilage chondrocytes the cyclin ac-
tivity decreases (assessed by PCNA), but does not dis-
appear. It is well known that hormones have the ability to
regulate the cell cycle through a wide variety of pathways.
In particular, IGF-I alone is sufﬁcient to promote progression
into S-phase23. From our present work, we could thus
speculate on the possibility that in spite of the high levels of
GH/IGF-I, IGF-I activity may be blocked. On the other hand,
the bcl-2 expression is decreased, being associated with an
apoptosis increase (assessed by TUNEL assay). This
increase in chondrocyte apoptosis would thus explain the
hypocellularity observed in OA24, which also leads to the
failure in the maintenance of the cartilage matrix. It has
been considered that the hypertrophy, degradation or
absence of extracellular matrix may predispose chondro-
cytes to undergo apoptosis25.
Lastly, chondrocytic labeling for TNF-a was observed in
both control and TgC cartilage. TNF-a may be a mediator
of normal chondrocytic function26, as well as an instrument
of articular degradation in OA when its actions are
ampliﬁed27. In our work, the TNF-a-LI of the TgC group
increased compared to the control group (P!0:05). The
activities of TNF-a are generally catabolic and play a major
role in degradative conditions such as OA and inﬂammatory
autoimmune diseases. In one way, TNF-a contributes to the
instability of the articular cartilage matrix by inhibiting
proteoglycan synthesis and up-regulating matrix metal-
loproteinase enzymes capable of matricial degradation (see
reference 27). In another way, TNF-a is an NF-kB
dependent factor28, and by this route could be responsible
for some inﬂammatory effects29.
Therefore, a detailed analysis of the immunohistochem-
ical results of our work suggests that in the present model of
bGH transgenic mice there is an imbalance of the cellular
equilibrium leading towards tissue degradation. However, it
is important to point out the presence of residual signals of
cell proliferation (PCNA expression) and cell viability (bcl-2
expression).
Regarding our polarized light studies, two major ﬁndings
have to be highlighted in articular cartilage. First, normal
articular birefringence was observed in the control group;
also two birefringence subzones were distinguished in
subchondral bone of the control group: a rough subzone
(R), closely related to the calciﬁcation zone, and a smooth
Table VI
AgNOR labeling index in articular cartilage cells
Zones % AgNORC cells No. black dots per cell
Control TgC Control TgC
Superﬁcial # 88.5G 8.6 52.7G 15.2x 1.4G 0.08 1.6G 0.3
Transitional 93.2G 4.1 63.6G 8.7x 1.8G 0.19 2.3G 0.3*
Radial 83.9G 3.1 63.4G 13.1x 1.6G 0.13 1.9G 0.5*
Calciﬁcation 16.1G 10.2 8.8G 4.6 1.2G 0.15 1.3G 0.4
Values are expressed as meanG standard deviation; *P!0:05;
xP!0:001; #N ¼ 4, because only four cases displayed cells in this
zone (control N ¼ 11; TgC N ¼ 11).subzone (S), closely related to the nearby epiphyseal
trabeculae. It could hence be hypothesized that subchon-
dral bone has a dual origin, either deriving from the
chondrocytes in the calciﬁcation zone or else from the epi-
physeal osteoblasts, in both cases through endochondral
Fig. 5. Electron microscopy of the calcifying zone of articular
cartilage. (a),(b) Control group. (c) TgC group. A normal cell with
many philopodes (a) (!12000) and early hydroxyapatite crystals
forming the typical coalescent hedgehog-like spinous bone (b)
(!20000) are observed in the control group. However, chondro-
cytes with fewer cell processes and calciﬁed spherules that do not
coalesce to form initial bone (c) (!5000) are seen in the TgC group.
550 C. Ferna´ndez-Criado et al.: Osteoarthritis induced by GH overexpressionossiﬁcation processes. These hypotheses need to be
addressed in detail in further studies. Secondly, the ex-
amination of TgC articular cartilage revealed a weaker or
absent collagen birefringency. This may be the conse-
quence of a disruption of the pericellular and interterritorial
collagen organization described in OA: loss of proteogly-
cans and collagen network destruction8,19,30. On the other
hand, our results also show that in subchondral bone of
TgC articular cartilage the less diffuse or absent collagen
birefringency is present in both rough and smooth zones.
This could support previous remarks on a chondrocytic and
osteoblastic failure31,32. Regarding calciﬁed zone, our im-
munohistochemical results show apoptosis increases; our
electron microscopy results show that chondrocytes lose
their cell processes, and that the calciﬁcation process that
takes place is abnormal, not forming the typical coalescent
hedgehog-like spinous bone. Moreover, stereological anal-
ysis of TgC articular cartilage showed that the subchondral
bone decreases in volume and its cells become smaller in
size. Based on subchondral circulation important for the
maintenance of articular integrity, there seems to be a link
between metabolic activities in cartilage and bone, and
there is evidence that cells from OA bone can alter cartilage
metabolism; it has been suggested that the products of
altered bone cell metabolism may inﬂuence cartilage
integrity33. A decrease has also been described in a cir-
culating osteogenic precursor in human OA34.
In summary, our results show that bGH transgenic mice
develop a lesion of the articular cartilage consistent with
that described in OA. In articular cartilage of bGH trans-
genic mice the overall cellular biological activity decreases
but does not disappear. All this suggests that this chon-
drocytic activity could be modulated, and further treatments
must be investigated.
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